EE101 Midterm; 11/08/2007, Thursday // Student Name: Student ID#

(OPEN BOOKS AND NOTES)
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(1-a) (5 pts) Evaluate J _[[|a.£+aj‘}+a2|+|a£+a§:+a2|2 +|afc+aj3+a2|4 +|a,{:+a5)+aglﬁ] de¢ dg =7
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(R, 6 ¢) and (x,y,z) define the Spherical and Cartesian coordinate systems, respectively.
‘a’ is just a constant where a=0.
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(1-b) (4 pts) Evaluate j- Ia(xﬁ-i— y9+22) dg d@ =7 given the fact that x* +y* +z° =R}.
00
(R, 6. ¢) and (x,y,7) define the Spherical and Cartesian coordinate systems, respectively

‘@’ and R, are just non-zero constants.
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(2) (10 pts) We define a vector: T =39 -x")+ 5(z* —x") + £(x’ — y*) , where (%,7,2) define the unit vectors in
Cartesian coordinate system. Can T be a magnetic flux density vector (i.e., B ) that satisfies the Maxwell’s 4"

Equation (V- B =0)? Under what conditions can T satisfy V-B=07?
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(3) (20 pts) Determine the initial direction of the deflection (i.e.. force acting on the particle) of the charged
particles as they enter the magnetic fields as shown below. The charged particle is entering the magnetic field
region from the left (as shown below) with a constant speed. Draw your answers on the figures shown below.
Also EXPLAIN your result briefly!
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(4) (15 pts) A uniform current density of J =7,z flows thorough a long cylindrical wire of radius a. The current
density is uniform for a > r = 0. Find magnetic flux density (i.e., B ) everywhere in space (i.e., 0 <1 < o0).
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Ring of radius “a” at z=0 plane

with a line charge density of p
7=

Perfect conductor at z=-d plane

(a) Find the electric field ( E) on the z-axis forz=h >0 ?
(b) Find the electric field ( E ) on the z-axis for z = -k where k>d?
(You can use any derived formula in your text book or class notes regarding a charged ring.)
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(6) (20 pts) A solid insulating sphere of radius ‘a’ has a net charge of 3Q, uniformly distributed throughout its
volume. Surrounding this sphere is a spherical conducting shell with an inner radius of ‘b’ and an outer radius
of “‘c’. This shell has a net charge of —Q. (Note thata<b <¢)

(a) Find the magnitude of E in r<a, a<r<b, b<r<c and r>c.

(b) Determine the charge per unit area on the inner surface of the shell.

(c) Determine the charge per unit area on the outer surface of the shell.

[ 3Qr a_ Lo
A, o3
= 5'? & o_ér-é..b
& ey e
' o %) W iy 0
12 \ i ‘a r7C

|

|
|
\
M
0
0
Gy

!

Eo VO[U.H'\{__

1wed  and
B =C‘ﬂﬂi3 t (anvd) L - 30~ 2
T Cla‘ Eo 3 Z{TTT'L "lﬁ EO Q_?’

Z - _
Ok Sup E (4TFY) = 39 E = 3¢9 &}
EO A—ﬁ-go-\,z__
b Lvl c E=—o0O , inside conductor
v 7c E (anyy) = (19-8) E= 9 =
€o JCELY >

‘b) Total chayge on  wmner shdl = ~ 30 Chorge pex le\\t— ayeo. = -—3059

4T b

e Lq) C.\‘\Cl‘rlj'e.. per anlt ayea. = 5)_'
M c*

<) Tered charg on  guter shell




(7) (6 pts) The cross section shown below is a cylindrical geometry that extends to infinity along +z and —z
directions. The outer radius of the circular cross section is ‘b’. In the same cross section there exists a
cylindrical cavity that has free space given with a radius of ‘a’. As shown in the figure the center of this
cylindrical void cavity is offset from the center of the cylinder by ‘d’.

This structure carries a uniform current density of J, along the z direction. Assume L, for both the cavity and
the conductor region.

Find B within the cavity!

Hint: You can hypothetically create a similar cavity by considering a current density of -J, that flows within a
cylinder of radius ‘a’. Then, use the superposition of two uniform cylindrical conductors with radii ‘b’ and *a’
that carry opposite charge densities of J, and —J,, respectively.
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